1. Lower-body negative pressure (LBNP) was used 'to stimulate sympathetic reflexes in anaesthetized cats. At -50 mmHg for 10 min it caused transient reduction in central venous pressure and systemic arterial blood pressure. Arterial blood pressure was then restored within 30 s and there was a tachycardia. Central venous pressure showed only partial recovery. The resting level of plasma renin activity (PRA; 2.9-3.2 ng h-I ml-I) did not change until approximately 5 min into the manoeuvre.
Introduction
Although the control of the peripheral circulation involves an interaction between circulatory reflexes and neurohormonal factors [ 1, 21, a functional role for the renin-angiotensin system in the control of blood pressure has not been precisely established. The ability to block rapidly the action of angiotensin with an antagonist or converting-enzyme inhibitor (CEI) provides an opportunity to examine the role of angiotensin under a variety of circumstances. These inhibitors, while lowering blood pressure, also affect cardiovascular reflexes [3-51, and we have recently reported that the sympathetically mediated vasoconstrictor reflex response to lower-body negative pressure (LBNP) 16, 71 is grossly impaired when these inhibitors are used [81. It has also been reported in man that the normal cardiovascular responses to tilting are impaired by pretreatment with the CEI captopril 191. These studies thus suggest that angiotensin must interact with the sympathetic nervous system to maintain systemic arterial pressure during central hypovolaemia induced by either LBNP or tilting.
The aim of the present studies was to use LBNP to examine the nature of the interaction and the mechanisms responsible for it.
Methods

Preparation
Cats weighing between 2.5 and 3.8 kg were anaesthetized with a-chloralose (80 mg/kg) given intraperitoneally. Tracheal cannulation was performed and the animals were respired artificially. The left brachial artery and vein, and the right jugular vein, were cannulated with Teflon catheters filled with sodium chloride solution (0.9%; 150 mmol/l:saline) (lumen 0.7 mm, wall 0.25 mm, length 30-40 cm). Systemic arterial blood pressure was recorded from the cannulated left brachial artery, with the pressure transducer (Bell and Howell, type 4-327-L221) placed at heart level. Right atrial pressure was recorded from the catheter passed through the right jugular vein so that its tip lav in the right atrium (7-8 cm below the thyroid cartilage). The catheter was connected to the pressure transducer (Statham P 23Db) and the pressure was related to a reference level 3.5 cm above the surface on which the cat lay. The catheter within the left brachial vein was used for injection of drugs. Instantaneous heart rate was obtained from an electrocardiogram. The catheters were flushed with a dilute solution of heparin in saline (10 i.u./ml) to prevent formation of blood clots. The acid-base balance was kept within a normal range: pH range 7-35-7-4, Pao, > 95 mmHg (12.6 kPa), Paco, range 35-40 mmHg (4-7-5.3 kPa). End-tidal airways PCO, was monitored continuously and did not alter throughout the experiment: range 27-32 mmHg (3-6-4-3 kPa). The intraoesophageal temperature was maintained within the range 37-38OC. Pressures and heart rate were recorded continuously on an ultraviolet recorder (Bell and Howell, Recording Oscillograph 5-139).
In some animals sympathetic efferent activity was recorded from a left renal nerve after retroperitoneal dissection via a flank incision and retraction of skin and muscle to form an abdominal pool. The signal was recorded by using bipolar platinum electrodes and amplified via a high-gain amplifier (Devices 3542). Activity was recorded continuously on a recorder (Bell and Howell). The mean frequency of sympathetic efferent discharge over 3-5 s sampling periods was recorded by counting the action potentials on a digital counter whose output was displayed on the recorder. The lower-body negative pressure chamber was an air-tight box [ 101 which allowed reproducible exposure of the lower abdomen and hind limbs at a pressure 0-100 mmHg below atmospheric pressure.
Measurement of plasma renin activity (PRA) was made in arterial blood (2-0 ml) by a method [ 1 11 involving radioimmunoassay of generated ANG I with modification as described previously 151.
Experimental protocol
The animals were exposed to LBNP at -50 mmHg (which is believed to be equivalent to approximately 20% blood volume depletion [ 121) for 10-15 min. About 30 rnin after the first exposure each group received a dose of CEI (Glu-Trp-Pro-Arg-Pro-Gln-Ile-Pro-Pro-OH synthetic nonapeptide; Beckman) (1 mg/kg, intravenously) during suction. This dose of inhibitor reduced the pressure response to injected ANG I (200 ng/kg) by 85% 15 rnin later.
Arterial blood samples were taken for measurement of PRA before and during the control suction period at 75 s, 5 min and 10 min. The inhibitor (1 mg/kg, intravenously) was given during suction at 75 s in group 1 (n = 4), at 5 rnin in group 2 (n = 5 ) and at 10 min in group 3 (n = 3). Group 4 consisting of four animals also received CEI (1 -0 mg/kg, intravenously) at 6 rnin during a 15 rnin suction period. In these animals sympathetic efferent nerve activity was recorded continuously from a renal nerve before, during and after this suction period.
In a fifth group of six animals the response to infusion of [Sar',Ala8]ANG I1 (8-10 ,ug min-' kg-I) during LBNP was studied after 5 rnin of suction. The response to this infusion of antagonist alone was assessed in a separate experiment.
The values are given as means k SEM and statistical comparisons were made by Student's paired t-test.
Results
Response to LBNP before treatment with CEI The response to LBNP at -50 mmHg for 10 min is shown in Fig. 1 , which represents the combined group control observations in 17 cats. Exposure to LBNP caused an immediate reduction in central venous pressure from 9.2 &-0.3 to 7-0 ? 0.3 cm water ( P < 0.001) and arterial pressure from 144 2.2 to 128 2.6 mmHg (systolic) (P < 0.001). These reductions were usually maximal within 10 s and reflect the extent of the fall in central blood volume or cardiac filling pressure caused by the manoeuvre. While suction was maintained, the animals showed a partial recovery in central venous pressure of 1.2 ? 0.1 cm water from the minimal level. Arterial blood pressure, however, recovered fully to the level observed before suction within the first PRA was measured before the suction period in the treatment groups. The resting PRA (ng of ANG I h-' ml-') ranged from 2.9 f 0.3 to 3.2 & 0.4. These showed no change after 75 s suction (3 -1 _+ 0.3, n = 6), but rose significantly after 5 min (to 5.8 2 0.7, P < 0.01, n = 5) and 10 rnin (to 6.6 f 0.8, P < 0.01, n = 6) of suction.
Response to CEI treatment during LBNP
When CEI was given during suction at 75 s after arterial blood pressure had been restored, it resulted in a fall in arterial pressure of -28 f 3.2 mmHg from which there was no recovery over the next 5-10 min (Fig. 2) . Similarly CEI given at 5 min after suction began produced a fall in blood pressure of 26 f 1.6 mmHg, and at 10 rnin the fall was 23 f 3.5 mmHg (Fig. 2) . Central venous pressure was unchanged, indicating that the fall in pressure was not due to venous dilatation. In separate experiments CEI itself caused only a transient reduction in arterial pressure of -15 f 4.7 mmHg during the first minute, which had recovered 2-5 min after the injection. The pressor response to ANG I, however, was still reduced by 85% 15 min after the injection. The fall in arterial pressure produced by CEI during suction was therefore greater and it lasted longer than that observed when the CEI was injected alone.
Eflect of CEI on sympathetic eflerent nerve activity during LBNP
In separate experiments renal nerve sympathetic efferent activity was recorded before, during and after release of suction. LBNP itself caused a rapid increase in efferent nerve activity, which was sustained. CEI given after 6 rnin of suction reduced arterial blood pressure by 37 f 5.3 mmHg as in the previous experiments and sympathetic efferent nerve activity was further increased as pressure fell (Fig. 3) . On release of suction nerve activity fell towards the level observed before suction despite the fact that blood pressure remained low. The haemodynamic changes observed when [Sar',Ala81ANG I1 was infused after 5 rnin LBNP at -50 mmHg are similar to those produced by CEI. Blood pressure fell by 37 f 2.6 mmHg (after a short-lived pressor effect) and this was a greater fall than that seen when [Sar',Ala81ANG I1 was infused alone.
Discussion
LBNP is a well documented technique for reducing central circulating blood volume 16, 7, 101 and, like changes in posture, may be used to test homeostatic reflexes 113-161. The observed restoration of arterial pressure is an indication of the reflex compensatory increases in vasoconstrictor tone and peripheral resistance. The efferent impulses are transmitted mainly in the sympathetic nervous system [12, 17, 181. In the present study we have direct evidence of the involvement of the sympathetic nerves during LBNP, since sympathetic efferent nerve activity was clearly elevated during suction.
We have shown previously 181 that both CEI and [Sar',Ala*]ANG I1 given before LBNP interfere with the reflex response to the suction, suggesting a functional interaction between ANG and the sympathetic nervous system. These interactions were even more obvious when CEI or [Sar1,Ala81ANG I1 was given after prior activation of the reflexes by suction. A large fall in pressure then occurred and there was no sign of recovery while the suction lasted. The depressor response to CEI was not accompanied by a reflex tachycardia (Fig. 3) and this has previously been reported in both man and the dog [3, 51. This absence of tachycardia can be explained since CEI has been shown to affect the baroreceptor reflex [ 19, 201. The fall in pressure induced by CEI was the same whether it was given at 75 s, before PRA had been elevated, or after 5 and 10 rnin of suction after PRA had risen. Thus an elevated PRA did not modify the response to CEI during suction. This suggests that the facilitatory role of angiotensin became amplified when the sympathetic nerves were strongly activated. CEI produced a greater fall in arterial blood pressure during LBNP, even at 75 s, than it does when given alone. This is an important finding since at this time PRA had not been elevated (Fig. 1 ) whereas sympathetic efferent nerve activity had increased (Fig. 3) . The enhanced hypotensive action of CEI was thus not due to blocking a direct vasoconstrictor action of angiotensin, but rather to preventing the pre-existing level of angiotensin having an amplifying action on sympathetic efferent nerve activity. Levels of angiotensin which do not themselves have a direct vasoconstrictor effect on blood vessels are thus sufficient to potentiate the activity of the sympathetic nervous system. Angiotensin is known to affect release or re-uptake of noradrenaline from sympathetic nerve endings [21-241 and also may affect sympathetic tone by a central action By measuring postganglionic sympathetic activity, we have demonstrated the contribution of a sympathetic nerve to the maintenance of resting blood pressure and the cardiovascular reflex response to LBNP. There was an immediate increase in the renal sympathetic discharge within 3-5 s of suction being applied and this increase was maintained, indicating that activation of the sympathetic nervous system had occurred. CEI 125-281.
further increased sympathetic efferent discharge, while lowering blood pressure during LBNP, and this suggests that this action may be a peripheral one on release or uptake of noradrenaline or on noradrenaline sensitivity of vascular smooth muscle [24, 29-311. These results do not, however, rule out the possibility that angiotensin has a central action in facilitating sympathetic outflow. It is possible that a peripheral vasodilator would have produced a greater increase in sympathetic efferent nerve activity than was seen with CEI (Fig. 3) . However, from Fig. 3 it is clear that the fall in arterial blood pressure caused by CEI during LBNP is not due to a reduction in sympathetic nerve activity.
CEI did not affect the initial fall or partial recovery in central venous pressure induced by LBNP nor was this reduced when CEI was given during suction. This indicates that angiotensin does not exert a functional role in control of capacitance vessels in the cat, as has also been suggested by several other workers [32,331.
An interference with the sympathetic reflexes therefore may explain both the increased magnitude and duration of fall in arterial pressure produced by CEI during LBNP, since this would result in vasodilatation other than that due to the blockade of the direct vasoconstrictor effect on ANG 11. These findings may partly explain the fact that CEI will lower blood pressure more readily in subjects in the erect posture than in the recumbent position [9, 34, 351. Our studies show that interference with the action of angiotensin at low concentrations will result in the impairment of the efficiency of sympathetic vasoconstrictor reflexes. In the case of CEI, this may contribute to its hypotensive effect and it may be expected that this action may be enhanced with changes in posture or other activities involving activation of the renin-angiotensin system and/or sympathetic nervous system.
